Ontogeny of fetal adenylate cyclase; mechanisms for regulation of beta-adrenergic receptors.
Transmembrane second messenger signalling systems regulate differentiation, growth and homeostatic responses during fetal development. The beta-adrenergic adenylate cyclase system is the best studied of these and has been used as a model to investigate the control of developmental processes. In tissues such as lung, heart and parotid, beta-adrenergic responsiveness of adenylate cyclase increases during development. In the developing fetal lung beta-receptor concentration increases during gestation or after glucocorticoid treatment, but cannot fully explain enhanced adrenergic responsiveness. To probe developmental and hormonal effects on beta-receptor function, we asked if advancing gestation or glucocorticoid treatment alters beta-receptor-Gs interactions in fetal rabbit lung membrane particulates. Before 25 days gestation, 1-isoproterenol competes for 3H-dihydroalprenolol (DHA), a radiolabelled beta-antagonist, with a single low affinity, later in gestation, high and low affinities of isoproterenol for the beta-receptor are present which can be shifted to the lower affinity by addition of guanyl nucleotide. High affinity binding is precociously induced in 25 days--fetal lung particulates as early as 3 h after maternal betamethasone treatment, but beta-adrenoreceptor concentration in treated fetuses was increased over controls only after 24 h of treatment. Cholera toxin catalyzed ADP ribosylation of membrane particulates showed cholera toxin substrate (Gs) was not altered by glucocorticoid treatment. Stimulation of adenylate cyclase activity with isoproterenol (100mM) and GTP (100mM) resulted in no incremental increase over that produced by GTP (100mM) alone in glucocorticoid treated or control particulates, either early or late in gestation. These data demonstrate that beta-receptor-Gs interactions are not sufficient to produce full agonist responses. Although both beta-adrenergic receptors and Gs are present in fetal rabbit lung early in gestation, interaction of these two adenylate cyclase components appears subsequently. This developmental event can be rapidly induced by maternal betamethasone treatment.